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PART #1: AN EVALUATION OF A BROOK TROUT REMOVAL PROJECT IN A SMALL
ROCKY MOUNTAIN STREAM

ABSTRACT

In the western United States, exotic brook trout Salvelinus fontinalis frequently have a
deleterious effect on native salmonids, and biologists often attempt to remove brook trout in
streams using electrofishing. Although the success of electrofishing removal projects typically is
low, few studies have assessed the underlying mechanisms of failure, especially in terms of
compensatory responses. We evaluated the effectiveness of a three-year removal project in
reducing brook trout and enhancing native salmonids in 7.8 km of an Idaho stream and looked
for brook trout compensatory responses such as decreased natural mortality, increased growth,
increased fecundity at length, or earlier maturation. Due to underestimates of the distribution of
brook trout in the first year and personnel shortages in the third year, the multiagency watershed
advisory group that performed the project fully treated the stream (i.e. multipass removals over
the entire stream) in only one year. In 1998, 1999, and 2000, a total of 1,401, 1,241, and 890
brook trout were removed, respectively. For 1999 and 2000, an estimated 88 and 79% of the
total number of brook trout in the stream were removed. For the section of stream that was
treated in all years, the abundance of age-1 and older brook trout decreased by 85% from 1998
to 2003. In the same area, the abundance of age-0 brook trout decreased 86% from 1998 to
1999 but by 2003 had rebounded to near the original abundance. Abundance of native redband
trout Oncorhynchus mykiss decreased for age-1 and older fish but did not change significantly
for age-0 fish. Despite high rates of removal, total annual survival rate for brook trout increased
from 0.08 + 0.02 in 1998 to 0.20 £ 0.04 in 1999 and 0.21 £ 0.04 in 2000. Growth of age-0 brook
trout was significantly higher in 2000 (the year after their abundance was lowest) compared to
other years, and growth of age-1 and age-2 brook trout was significantly lower following the
initial removal years but recovered by 2003. Few other brook trout demographic parameters
changed appreciably over the course of the project. Electrofishing removals required 210
person-days of effort. Despite experiencing slight changes in abundance, growth, and survival,
brook trout in Pikes Fork appeared little affected by three years of intensive removal efforts,
most likely because mortality within the population was high prior to initiation of the project such
that the removal efforts merely replaced natural mortality with exploitation.

Authors:

Kevin A. Meyer
Principal Fisheries Research Biologist
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Senior Fisheries Technician



INTRODUCTION

Introduced fish species that establish self-sustaining populations are a primary threat to
the long-term persistence of native fish fauna (Moyle 1986; Allan and Flecker 1993; Rahel
2000). A classic example is the brook trout Salvelinus fontinalis, which has been introduced
since the late 1800s to diversify or supplement sportfishing opportunities. Brook trout have
become widely established in every state in the western USA (Fuller et al. 1999), usually to the
detriment of native salmonids (Krueger and May 1991; Young 1995; Levin et al. 2002; see
review in Dunham et al. 2002). The ability of brook trout to repeatedly outcompete and displace
native salmonids has become increasingly evident, but the mechanisms for their success
remain relatively unknown and unstudied (Griffith 1988; Fausch 1988, 1989; but see Peterson
et al. 2004a).

Because of these detrimental effects, biologists have focused effort on reducing or
removing brook trout for conservation and restoration of native salmonids. The most common
methods for removing nonnative stream-dwelling salmonids have been electrofishing (e.g.,
Moore et al. 1983; Thompson and Rahel 1996; Kulp and Moore 2000; Shepard et al. 2002) and
toxicants (e.g., Phinney 1975; Gresswell 1991), although selective angling (Larson et al. 1986;
Paul et al. 2003) and trapping (Young et al. 2003) have been used as well. In general, removal
projects have met with little success. Indeed, Meronek et al. (1996) reviewed 250 fish control
projects and found that the goals of reducing or eliminating undesirable fish species were met in
less than 50% of the projects they reviewed. Nevertheless, the lack of alternatives to removal
and the perceived need to constrain exotics such as brook trout compels many biologists to
continue implementing fish control projects (Finlayson 2005).

Because toxicants such as rotenone and antimycin kill nontarget species, electrofishing
is often viewed by many biologists as a more desirable alternative for fish removal. However,
electrofishing has many of its own shortcomings. First, complete removal is difficult. Thompson
and Rahel (1996) effectively removed 73—-100% of age-0 and 59-100% of age-1+ brook trout
from three streams in Wyoming but did not completely eradicate brook trout from any stream.
Others have eradicated nonnative trout but at tremendous cost for very small (e.g., 0.8-3.0 km)
sections of stream (Kulp and Moore 2000; Shepard et al. 2002). Another shortcoming is that
mobile species such as brook trout recolonize rapidly unless a barrier between treated and
untreated reaches is established. Phinney (1975) found that a stream section treated with
rotenone was repopulated by brook trout from upstream within one year. Similarly, Peterson
et al. (2004a) found that immigration replaced 40-100% of the adult brook trout that were
removed the previous year.

Even when barriers are established, suppressed populations of brook trout often recover
quickly because they mature earlier than most other salmonids. For example, in an attempt to
evaluate growth response, Cooper et al. (1962) treated a stream with rotenone to severely
reduce (not eliminate) the number of brook trout. There was no change in growth rate. Instead,
brook trout abundance quickly recovered and within two years was no different from before the
treatment, with almost all fish being age-0 or age-1. Furthermore, any remaining or recolonizing
brook trout in a treated section may undergo a compensatory response once the fish population
has been reduced (McFadden 1961, 1976), negating some or all of the effects of the removal.
The term ‘compensation’ (taken from McFadden 1977) refers to the propensity of populations to
exhibit reduced death rates or increased birth rates as a population declines (it can also be the
opposite). The effect is to (1) stabilize the population before it is extirpated or (2) restore the
population toward its original condition (McFadden 1977). In the simplest terms, such changes



often stem from a reduction in competition for food or space. Previous studies have indicated
that brook trout may compensate for increased exploitation through a variety of methods,
including decreased natural mortality (McFadden 1961), increased growth and recruitment
(Donald and Alger 1989), and increased age-specific fecundity (Jensen 1971). Because these
and other mechanisms are not mutually exclusive and may interact at a variety of life-history
stages, only a few may be statistically verifiable at any given period of observation (McFadden
1977).

In this paper, we describe an electrofishing removal project that was initiated and
conducted by a local watershed advisory group (WAG) in southwestern Idaho. The goal of their
project was to eliminate or suppress brook trout in a small stream to protect native salmonids
(redband trout Oncorhynchus mykiss and bull trout S. confluentus) in the stream. We (the
present authors) were asked to carefully evaluate the costs and success of the project as there
was strong interest in conducting similar removal projects by other biologists in southwestern
Idaho. Because bull trout were nearly extirpated by the time this project was initiated, we
monitored population changes for brook trout and redband trout, as well as changes in the
population dynamics of brook trout.

OBJECTIVES

1. Assess whether three years of electrofishing removals could eliminate or suppress brook
trout and increase abundance of native salmonids in subsequent years.

2. Assess whether any brook trout that evaded capture underwent any compensatory
responses such as decreased natural mortality, increased growth, increased fecundity at
length, or earlier maturation.

METHODS

The project occurred on Pikes Fork, a second-order tributary to the Boise River, which is
itself a tributary to the Snake River in southwestern Idaho. Mean summer stream wetted width,
gradient, and elevation in the 7.8 km reach of treated stream were 2.8 m, 3.0%, and 1,750 m,
respectively. The Pikes Fork drainage has been logged extensively, but riparian and stream
habitat conditions have remained reasonably unaltered. At the start of this study, Pikes Fork
contained brook trout, redband trout, a small population of bull trout, and shorthead sculpin
Cottus confusus. Sterile catchable rainbow trout O. mykiss are stocked about 3 km downstream
of the study area.

From 1998 to 2000, brook trout were removed annually during a three-day period in mid
August. Each year the stream was sectioned into 200-400 m reaches with block nets. Crews of
four to eight people performed a two-pass electrofishing removal in each reach using two gas-
and/or battery-powered backpack electrofishing units and several netters with dip nets. One
electrofishing operator with a pair of netters proceeded about 20 m upstream of the other during
a single depletion pass by a crew. Thus, although in essence the methods used resulted in a 4-
pass removal effort with limited stream rest between the 2nd and 3rd passes, the WAG
conducting the removal effort considered each of these 2-shocker unit runs a single pass, and
we analyzed them as such.



Brook trout were measured (to the nearest millimeter total length, TL) and weighed (to
the nearest gram), overdosed with anesthetic, and retained (frozen) for population dynamics
analyses. Redband trout and bull trout were measured, weighed, and released in the reach from
which they were captured.

In 1998, the WAG performed removals in the lower 4.5 km of stream, and at that time, it
was discovered that brook trout extended farther upstream than originally suspected. Before the
second year of removal, spot surveys were used to more accurately determine brook trout
distribution. Subsequently, 7.8 km of stream were electrofished in 1999 and 2000. Due to
personnel shortages in 2000, removals were not as rigorous as in the previous two years. In this
third year of removal efforts, two crews of four people, each with two backpack electrofishing
units and two netters, were established for each day, and each crew covered one reach at a
time. The crews made one or two depletion passes in the same manner as in previous years.

After removal efforts in 1998, a wire gabion barrier was constructed at the bottom of the
treated section of stream by the U.S. Forest Service. The barrier and downstream plunge-pool
were designed with a minimum jumping pool of 0.6 m and a vertical drop of 0.5 m at flood stage
and 0.8 m at low flow. This design was supposed to prevent upstream migration by resident
brook trout, while allowing migratory bull trout (fish >400 mm TL) to scale the barrier (T. Burton,
Bureau of Land Management, personal communication). In 1999, we attempted to assess the
effectiveness of the barrier. In a 300 meter reach of stream directly below the barrier, 50 brook
trout 2150 mm were marked four weeks prior to the electrofishing removals. None were
recaptured during subsequent removals in any of the following years.

Abundance, upper and lower 95% confidence intervals (Cls), and capture probability
(CP) for each species in each reach were estimated with the maximume-likelihood model using
MicroFish (Van Deventer and Platts 1989). If the calculated lower 95% CI were less than the
actual number of brook captured and removed, we used the number captured as the lower CI.
Because electrofishing is size selective (Reynolds 1996), and in order to monitor yearly
recruitment success, estimates were made separately for age-0 (<80 mm) and age-1 and older
(=80 mm) fish. For reaches where only one removal pass was made in 2000, estimates of
abundance were made by developing, from the multipass reaches, a linear relationship between
the numbers of trout captured in first passes and subsequent maximum-likelihood abundance
estimates. From these relationships, we predicted trout abundance (and 95% prediction
intervals) for the reaches where only a single removal pass was made (cf. Lobon-Cervia et al.
1994; Jones and Stockwell 1995; Kruse et al. 1998). Separate regression models were built for
trout <80 and =80 mm. The entire stream was sampled with the above methodology, and
estimates of total abundance and Cls for all species were calculated by summing the estimates
from all reaches.

Although capture probability from multipass removals averaged 0.78, we realize this was
probably an overestimate (Riley and Fausch 1992; Peterson et al. 2004b), and subsequently
that population estimates for trout and removal efficiencies for brook trout were probably
underestimated and overestimated, respectively (especially for age-0 fish). Catch curve results
from 1998 and 2000 indicated that age-1 brook trout were probably not fully recruited to the
sampling gear, and thus the abundance modeling assumption of equal catchability between size
classes 280 mm was probably violated. This may have further biased our estimates of
abundance and removal efficiency of age-1 and older brook trout.

Surveys were repeated in mid August 2003 to compare abundance and population
dynamics of brook trout after three years of no removals to the treatment years. Instead of



surveying the entire stream, we randomly selected 12 100 m reaches for multipass
electrofishing. Abundance for the 7.8 km stream was estimated as the average abundance per
100 m reach surveyed times 78. Formulas for population totals and Cls were from Scheaffer
et al. (1996).

The removed brook trout were thawed in the laboratory. Sagittal otoliths were removed
and stored dry in vials. Scales were removed above the lateral line and posterior to the dorsal
fin, spread on strips of paper, and stored in envelopes. Because scale readings often
underestimate age compared to otolith readings (Beamish and McFarlane 1987), age was
estimated primarily by viewing whole otoliths, dry or submersed in saline, with a dissecting
microscope using reflected and/or transmitted light. In the few instances when age from otoliths
could not be estimated (n = 14), we pressed scales on acetate slides with a heat press at
10,000 PSI and 110°C for 20-30 s and viewed them with a microfiche reader. We aged a
subsample (n = 1,775) of brook trout that were retained during the study (n = 3,532) and
estimated age for the remaining fish using an age-length key (DeVries and Frie 1996). Readers
had no knowledge of fish length during readings. The mean index of average error (Beamish
and Fournier 1981) between readers for all aged brook trout was 4.9%. When discrepancies
between readers occurred, differences were resolved with additional joint readings, and when
discrepancies could not be resolved, results for that fish were discarded. All fish were
considered one-year-old when they reached their first January.

Gender and maturity were determined by examination of the gonads. Males were
classified as immature if testes were opaque and threadlike, and mature if they were large and
milky white. Females were classified as immature if the ovaries were small, granular, and
translucent, and mature if they contained large, well-developed eggs that filled much of the
abdominal cavity (Strange 1996). Eggs were counted from 89 mature females across all years.
Curvilinear (i.e. power function) regression equations relating fish length to fecundity were
developed separately for each year. To test for changes in fecundity-at-length between years,
we log transformed the fecundity data to create a linear relationship with fish length, then used
analysis of covariance to compare slopes (3) and elevations of the regressions (a) following Zar
(1996).

Following Robson and Chapman (1961), we estimated total annual survival rate (S) and
95% Cls using catch curve analysis. Only age-2 and older brook trout were fully recruited to the
electrofishing gear and thus useable for survival estimates. Catch-curve analysis requires that
1) S is uniform with age and does not change over time, 2) the population is sampled randomly,
and 3) recruitment is constant each year. We may have violated assumptions (1) and (3) in the
second and third year of our study, because the removals may have increased total mortality
and decreased recruitment. One method of avoiding the necessity of such assumptions is to
track abundance (or catch per unit effort) of particular age classes through time (Ricker 1975);
for comparative survival estimates, we attempted this to the extent possible but were limited by
methodology constraints. We believe the use of catch-curve analysis was justified for several
reasons. First, S for the first year was unaffected by any removals and is therefore unbiased.
Second, although recruitment was variable, Allen (1997) showed that if the coefficient of
variation (CV) of recruitment is 80% or less, estimates of S should be within £ 10%. In our study,
CV was estimated to be 77.4 and 81.0% for age-0 and age-1 brook trout, respectively. Third,
the removal efforts should have increased the negative slope of the catch curve, resulting in an
increase in total mortality. A lack of such an increase would be evidence that the assumption of
uniform S with age and over time was not violated.



Growth was assessed by calculating the mean length at age (and 95% ClIs) from the
age-length keys (DeVries and Frie 1996). Because size-at-age between years is not
independent (i.e. small age-1 fish in one year may result in small age-2 fish the following year,
with no difference in incremental growth compared to other years), we also compared
incremental growth between years to assess removal effects or compensatory responses.
Changes in size structure were assessed by comparing cumulative length frequencies with a
Kolmogorov-Smirnov goodness of fit procedure (correcting for multiple inference tests by using
the sequential Bonferroni technique; see Rice 1989). To evaluate sex ratio, we calculated 95%
Cls around the percentage of the population that was female, using the formulas in Fleiss
(1981); Cls not overlapping 50% indicated a statistically significant departure from a 50:50 ratio.

We characterized length and age at maturity each year by developing logistic regression
models to estimate the length and age at which the probability of being mature was 0.5 (termed
maturity transition points; see Meyer et al. 2003). Each fish was considered a sample unit, and a
binary dependent variable was used for maturity (i.e. 0 = immature, 1 = mature) and was related
to the independent variables of fish length and fish age. Separate estimates were developed for
males and females, since males tended to mature at a smaller size than females and because
selection forces for size-at-maturity differ between sexes (Roff 1992). We calculated 95% Cls
around the length- and age-based maturity transition points and compared estimates between
years to assess whether any compensatory responses occurred.

RESULTS

A total of 1,401, 1,241, and 890 brook trout were removed in 1998, 1999, and 2000,
respectively. In 1999 and 2000, such removals constituted an estimated 88 and 79% of the
number of brook trout present, respectively; no such estimate could be made in 1998 because
the entire stream was not treated. Personnel expenditure totaled 210 person-days for
electrofishing removals alone and did not include project planning, coordination, or barrier
installation.

Abundance

Because the upper reaches were not treated in 1998, abundance between all years
could only be compared for the lower 4.5 km of stream. In this portion of the stream, abundance
of age-1 and older brook trout did not decrease from August 1998 to August 1999 despite
removing an estimated 98% (based on the total number removed compared to the total estimate
of abundance) of the brook trout present in that section (Table 1). However, abundance
decreased significantly in 2000 and 2003 relative to 1998 (Figure 1). Abundance of age-0 brook
trout decreased dramatically from 1998 to 1999 and remained low in 2000, but by 2003 age-0
abundance had rebounded. For the entire 7.8 km of stream, age-1 and older brook trout
appeared to have decreased markedly, but in 2003 an estimated 655 fish remained. Abundance
of age-0O brook trout was low in 1999 and 2000, but after two years with no removals,
abundance increased to 1,832 fish. Removal efficiencies in 1998 were high, but again, only the
lower portion of the stream was treated. In the two years when the entire stream was treated,
removal efficiency averaged 89 and 64% for age-1+ and age-0 brook trout, respectively.

While brook trout were being removed, there was no consistent increase in abundance
of redband trout (Figure 1). Abundance of age-1 and older redband trout remained relatively



constant during the removal years, but by 2003, abundance decreased substantially.
Abundance of age-0 redband trout increased after the second year of removal but by 2003 had
decreased to levels similar to the pretreatment period. Only nine bull trout were encountered in
the first two years of removals (four in 1998 and five in 1999), and none in subsequent years.

Demographic parameters

Changes in the redband trout and brook trout populations were also evident when
comparing size structure of fish in Pikes Fork (Figure 2). Brook trout cumulative length
frequency was significantly different between all years, with the frequency of age-0 brook trout
declining from 1998 to 1999 (P <0.001), rebounding in 2000 (P <0.001), and increasing in 2003
(P <0.001) when there were few larger brook trout. The first year of removal appeared to have
little effect on the cumulative length frequency of redband trout, but in 2000, after two years of
brook trout removal, a larger percentage of redband trout were less than 150 mm than in
previous years (P <0.001). By 2003, the cumulative length frequency of redband trout was not
different from before the project started (P = 0.30).

Age-2 and younger brook trout comprised 91-100% of all brook trout present from 1998
to 2003 (Figure 3). During all years of the study, only 2% were age-4 or older. Brook trout
growth varied between year classes and study years and may have been affected by the
removal efforts. For example, age-0 brook trout were significantly larger in 2000 (the year after
abundance was lowest) than in other years (Figure 4). Also, age-1 and age-2 brook trout were
significantly smaller following the initial removal years but recovered by 2003 (Figure 4). Growth
slowed as fish aged, but there were no prominent patterns between years regarding incremental
growth (Figure 4).

Total annual survival rate was low in all years (Figure 5). Based on catch curves, S was
an estimated 0.08 + 0.02 in 1998, 0.20 £ 0.04 in 1999, and 0.21 + 0.04 in 2000. No estimate
could be made in 2003, because no fish over age-2 were captured. Cohort analysis also
supported the fact that S was low. In the lower 4.5 km of Pikes Fork, S from 1998 to 1999
estimated for individual age classes was 0.10 from age-2 to age-3 and 0.16 from age-3 to age-4
(Table 2). Over all age classes, S was estimated to be 0.11. Similarly, from 1999 to 2000 S was
estimated to be 0.08 for the lower portion of Pikes Fork and 0.19 for the entire stream (Table 2).
We tended to catch older brook trout as the removals continued. The oldest brook trout
observed was age-3 in 1998, age-4 in 1999, and age-5 in 2000, while in 2003, after no removals
were performed for two years, the oldest brook trout was age-2.

The length-weight relationship was nearly identical between all years (Figure 6). Fish-
length vs. fecundity regressions did not differ between years for slope (P = 0.18) or elevation
(P = 0.13; Figure 7), although sample sizes were small for some years and the resultant power
of this test was low. Of the brook trout whose sex could be determined, females significantly
outnumbered males only in 2000 when the proportion of brook trout that were female was
0.59 + 0.06.

Length- and age-at-maturity for brook trout changed little over the course of the study
(Figures 8 and 9). In all years, there was always a higher proportion of mature males than
females for each age class (Figure 8), most notably for ages 1 and 2. The smallest mature male
and female brook trout were both 95 mm, while the largest immature male and female brook
trout were 157 and 188 mm, respectively. Length-based maturity transition points averaged
124.5 mm for male brook trout and 147.3 mm for female brook trout, and confidence bounds



between genders did not overlap during any year (Figure 9). Although both male and female
brook trout appeared to mature at a slightly smaller size after the removals began, this trend
was not significant. Age-at-maturity transition point models were less precise than length-based
models, but the patterns were the same as for length-at-maturity.

DISCUSSION

Three years of intensive electrofishing removals had few long-term effects on the
abundance of brook trout in Pikes Fork, and there was no noticeable increase in redband trout
abundance over the course of the study. Although abundance of age-1 and older brook trout
declined 86% in the lower 4.5 km of stream and 44% in the entire stream, age-0 brook trout
decreased only 35% in the lower portion of the stream and increased 789% in the entire stream.
Concurrently, redband trout showed no signs of increase, and bull trout appeared to be absent
by the end of the study, although only a few bull trout were captured even in the first years of
removal.

Lack of meaningful decline in abundance of brook trout, coupled with the lack of an
increase in total mortality of age-2 and older brook trout during removal treatments, suggests a
compensatory response occurred in the brook trout population via reduced natural mortality,
which offset the removal of large numbers of brook trout. McFadden (1977) pointed out the
logical necessity that, if a population is at equilibrium, any increase in mortality (in this study,
‘fishing’ mortality caused by our exploitation) must be compensated for in some manner or the
population will be extirpated. Any brook trout that avoided the heavy exploitation in this study
would have experienced much less competition for food and space (Chapman 1966). That
increases in growth were not observed for all ages while abundance was lower during the
removal years (age-1 and age-2 growth actually decreased during the removal treatments) may
have been due in part to yearly exposure of the entire population, including those that escaped
capture, to electrofishing, which can reduce growth rate (Dalbey et al. 1996; Thompson et al.
1997). Also, older fish theoretically could have been putting more energy into reproduction
instead of growth, although we saw no indication of this in fecundity or maturity changes. A
more likely explanation was given by McFadden (1977), who argued that the complexity of
interactions between several compensatory response mechanisms might lead to the operation
of one mechanism under certain environmental conditions, preempting the operation of other
mechanisms.

In addition to their compensatory abilities, brook trout have the propensity to achieve
maturation at an early age. Because age-0 fish are difficult to capture with electrofishing gear, it
was difficult to remove all brook trout before they had the chance to spawn at least once. For
example, the average length of age-1 brook trout in Pikes Fork was 110 mm and over half
(54%) of these fish were mature. Thus, if an individual brook trout was not captured as a fry and
escaped capture again at age-1, more often than not that fish was mature and could then spawn
that fall.

Our estimates of S may have been biased because we clearly violated the assumptions
of constant year-class strength and uniform survival rates for all age groups used in the
calculation (i.e. age-2 and older; Ricker 1975). However, the fact that S was extremely low in
1998 (before any bias could have occurred) and the agreement we saw with cohort analysis
supports the conclusion that brook trout mortality was naturally very high in Pikes Fork. Such



high mortality is common for brook trout populations in small streams (McFadden 1961; Phinney
1975).

Factors other than compensation may explain some or all of the lack of decline in brook
trout abundance in Pikes Fork. First, we probably underestimated population abundance and
overestimated removal efficiencies, since depletion estimates typically underestimate true
abundance, especially for smaller fish and when only two passes are made (Riley and Fausch
1992; Peterson et al. 2004b). Also, it is possible that some (but probably not many) brook trout
ascended the barrier that was designed for their exclusion. We captured two 250-300 mm
hatchery rainbow trout above the barrier in 2000, despite the fact that the nearest IDFG fish
stocking location is downstream a few kilometers in the Crooked River (B. Turik, IDFG Nampa
Hatchery, personal communication). Unless these fish were illegally transported by an angler,
they ascended the barrier. Although in subsequent years we never captured any of the brook
trout that were marked below the barrier prior to the 1999 removals, we only marked 50 fish so
our ability to determine upstream movement was poor. Adams et al. (2000) found similar-sized
brook trout to those in Pikes Fork ascending drops that were 0.5-1.2 m in height.

Because we did not have a control stream, we cannot be certain that environmental
conditions did not confound our results. For example, increased growth or survival conditions
during the removal years could have produced the changes we have attributed to
compensation. We could not incorporate a control stream in our study design because the
criteria for such a control (i.e. a very small stream, but one from which we could remove
hundreds of brook trout for demographics comparisons to the treatment stream) necessarily
excluded it as a true control (i.e. no manipulation). However, even if the changes in growth and
survival we observed were caused by confounding factors, that does not discount the fact that
the brook trout population in Pikes Fork, through one or several mechanisms, withstood an
exorbitant amount of exploitation with little (if any) long-term changes to the population.

Other researchers have noted that brook trout can readily withstand electrofishing
eradication efforts (Thompson and Rahel 1996; Buktenica et al. 2000). Successful electrofishing
removal projects have usually only occurred in very narrow, short streams (<3 km) with simple
habitat that were electrofished several times per year and/or for several consecutive years (Kulp
and Moore 2000; Shepard et al. 2002). Whether or not eradication projects are worthwhile
depends on the removal results, the amount of habitat restored to native fish assemblages, and
the expenditure of time and money on the project. For the project we evaluated, about 210
person-days were expended in three years during the electrofishing treatments alone. Although
there were a number of volunteers, most person-days came from permanent or temporary
employees of the organizations involved in the removal. Nevertheless, trying to be conservative,
we assumed an average salary (with benefits) of USD $10/hour, an average field day of 10
hours, average per diem of $20/day, $200/week for vehicle leasing and operation (one vehicle
per two people), and $15,000 for barrier installation. Using these figures, the eradication effort
cost about $61,200, or $7,846 per km of stream treated. Comparably, Shepard et al. (2002)
estimated that $10,000/km was spent to successfully remove brook trout in their study, not
including the cost of the barrier.

Electrofishing was not an effective method for removing brook trout from Pikes Fork but
may have been more successful if the methodology of the most successful electrofishing
removal projects had been followed. Such projects have used less intensity (spreading
removals over the entire year), higher frequency (more treatments per year), and longer
duration (more years of treatment). Nevertheless, we question whether use of electrofishing
methods to eliminate brook trout populations will ever prove cost-effective or practical for an



appreciable proportion of waters in the western United States. Meyer et al. (in review) estimated
that in the Upper Snake River basin of Idaho alone, there were roughly 1.2 million brook trout
present. Based on the costs of this project, the number of brook trout removed, and the distance
covered, we estimate it would cost over $1 million to perform electrofishing removals in only 5%
of the range of brook trout in the Upper Snake River basin, and most likely these removal efforts
would rarely be successful in completely eliminating brook trout.

In summary, our results suggest that electrofishing removals in Pikes Fork were
unsuccessful because mortality within the brook trout population was extremely high prior to
initiation of the project, such that the removal efforts merely replaced natural mortality with
exploitation. Except in very short, narrow streams with simple habitat, our results and those of
many others suggest that electrofishing removals are likely to be unsuccessful in completely
eradicating brook trout. Because brook trout clearly have the ability to outcompete many of the
native salmonids in the western United States, undertaking removal projects with a goal of
merely reducing brook trout density or initiating efforts over large stream lengths with little hope
for total eradication would seem a costly but quixotic enterprise. Like Finlayson et al. (2005), we
believe other methods, such as the use of chemical treatments with rotenone and antimycin, are
likely to be more cost effective and successful at completely eradicating brook trout under most
circumstances. We encourage others involved in brook trout eradication efforts using
electrofishing to quantitatively monitor the cost-effectiveness of their project and response of the
fish populations to shed more light on the utility of the technique.

RECOMMENDATIONS

1. Avoid using electrofishing as a removal technique for brook trout unless the treatment
area is very short, simple in habitat, and other more effective techniques (such as
chemical treatment) are not an option.

2. Monitor the effectiveness of each removal project relative to benefits to native salmonids
and compensatory responses from any remaining nonnative target fish.
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Table 1.  Estimated total abundance and confidence intervals (Cls), capture probabilities, and

removal efficiencies for brook trout in Pikes Fork, Idaho based on August backpack
electrofishing surveys. NA indicates parameters or years where results could not be
estimated.

Lower 4.5 km of stream Entire 7.8 km of stream

Total brook trout abundance Mean Estimated  Total brook trout abundance Mean  Estimated

Lower Abundance Upper capture removal Lower Abundance Upper capture removal

Year 95% Cl estimate  95% CI probability efficiency 95% Cl estimate  95% CI probability efficiency
Age-1 and older

1998 688 699 725 0.83 0.98 NA

1999 671 699 773 0.82 0.96 1127 1180 1312 0.81 0.96

2000 165 207 394 NA 0.42 510 629 973 NA 0.81

2003 48 100 152 0.82 - 376 655 935 0.81 -

Age-0

1998 713 796 890 0.69 0.90 NA

1999 56 110 192 NA 0.29 114 224 390 NA 0.51

2000 156 198 369 NA 0.42 380 498 798 NA 0.76

2003 39 517 1157 0.62 - 1014 1832 2650 0.68 -
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Table 2.  Estimated total abundance of brook trout by stream reach and age group in Pikes
Fork, Idaho. Dashed line represents cutoff where fish apparently became fully
recruited to the electrofishing gear (see text) and where estimates became more
reliable.

Estimated total abundance of brook trout by stream reach

Lower 4.5 km Upper 3.2 km Entire 7.8 km

Age 1998 1999 2000 2001 2002 2003 1998 1999 2000 2001 2002 2003 1998 1999 2000 2001 2002 2003

0 796 110 198 517 NA 114 300 1315 NA 224 498 1832
1 198 455 106 83 NA 227 126 460 NA 683 228 543
2 457 191 81 Non- 17 NA 200 225 Non- 95 NA 389 308 Non- 112
3 44 46 20 removal 0 NA 49 62 removal 0 NA 95 82  removal 0
4 0 7 0 years 0 NA 5 9 years 0 NA 13 10 years 0
5 0 0 0 0 NA 0 0 0 NA 0 1 0
Total 1495 809 405 617 NA 596 721 2186  NA 1404 1127 2996
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from 1998 to 2003 in Pikes Fork, Idaho upstream of the manmade barrier. No

removal treatments were made in 2001 and 2002.
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PART #2: THE CAPTURE OF BROOK TROUT USING HOOP NETS SEEDED WITH
MATURE CONSPECIFICS AS ATTRACTANTS

ABSTRACT

The introduction of nonnative species across the West has placed many native
populations at risk, but existing methods for controlling nonnative species are usually time-
consuming, expensive per unit of treatment, harmful to nontarget species, and often
unsuccessful. An alternative method to reduce nonnative brook trout populations that may
address some of those concerns is to remove them selectively by exploiting pheromonal
attraction during spawning. We used five different combinations of brook trout (single male,
three males, a male/female pair, a single female, and no fish) as treatments in hoop nets to test
this approach. In 35 d of trapping, 1,360 brook trout were removed, of which 658 were mature,
and 702 were immature. Of the mature brook trout, 83% were male and 17% were female. A
significant difference in the number of mature male and immature brook trout captured across
treatments was detected (P = 0.0025 and 0.043, respectively) but not mature females (P =
0.29). The male/female pair captured the highest number of mature brook trout (235); however,
nets with no fish caught the second most (166). Our results suggest that brook trout may be
attracted to mature conspecifics and may be used to attract them into hoop nets.

Authors:
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Senior Fisheries Technician
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INTRODUCTION

The impact of invasive species on the ecology of native species is widely recognized.
The ecological basis of invasions can be described by the life history characteristics of the
invader (Sakai et al. 2001). Life history traits common to successful invaders include the ability
to use pioneering habitat, have high fecundity and short generation time, and be able to function
in a wide range of physical conditions (Ehrlich 1989). Many plants and animals display these
characteristics and are potential threats to natives when introduced in new areas. Brook trout
are good invaders because they tolerate broad environmental conditions, express aggressive
behavior, and possess the ability to reproduce at an early age (Moyle 1986).

Although brook trout have been historically stocked outside their native range to provide
angling opportunities, they have further expanded their range and are currently found
throughout the western United States (Thurow et al. 1997; Dunham et al. 2002). It has become
clear that brook trout often competitively dominate or displace native salmonids (Griffith 1972;
Fausch 1989) and pose a considerable threat to those fish (Dunham et al. 2002). Biologists are
now attempting to remove brook trout in areas where their interaction with native salmonids is a
concern, usually involving electrofishing or chemicals such as rotenone or antimycin (Gresswell
1991; Thompson and Rahel 1996; Reynolds 1996; Kulp and Moore 2000; Shepard et al. 2002).
However, these methods pose several problems, including potential harm to the fish with
electrofishing (Snyder 2003), danger to workers, acceptance by the public, or administrative
problems using chemicals (Bettoli and Maceina 1996; Finlayson et al. 2005). The effectiveness
of these methods is also variable and has proven time-consuming (Reynolds 1996; Thompson
and Rahel 1996; Kulp and Moore 2000).

A method to remove brook trout that has been little studied entails using attractants,
most likely pheromones, to lure brook trout into nets where they are passively captured and
subsequently removed (Young et al. 2003). Several species of fish, including salmonids, can
excrete chemicals that will elicit a specific response from other individuals (Newcombe and
Hartman 1973; Quinn and Tolson 1986; Rouger and Liley 1993; Cardwell et al. 1996, Meyer
and Liley 1982). Even though compounds like Estradiol-17B in guppies Poecilia reticulata
(Johansen 1985) and steroids or prostaglandins in herring Clupea harengus (Sherwood et al.
1991) are linked to the cause of a specific reaction, little is known of the specific mechanism for
production or reception of chemical cues. Most experiments have only confirmed that a
chemical produced from one individual elicits a specific response from another of the same
species (Liley and Stacey 1983). Regardless, the fact that fish release a chemical that can
attract others of the same species is the foundation for this study to determine if brook trout can
be attracted and captured using these means.

OBJECTIVES
1. Determine what type of combination of mature brook trout seeded into hoop nets can
capture the most brook trout.
2. Identify movement patterns of brook trout tagged with fluorescent elastomer tags
recaptured in hoop nets.
3. Compare the number of hours spent to remove brook trout using hoop nets to other

methods.
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METHODS

The study area for this project was East Threemile Creek (ETC), which is a small stream
in northeastern Idaho near the town of Spencer. The study area included the upper 6.2 km of
stream above a weir. The stream averaged 1.7 m in width and 0.11 m in depth. Elevation
ranged from 1,944 m at the weir to 2,323 m at the upper end of watered stream. Brook trout
were the only fish species present.

During the summer of 2004, abundance estimates were performed on 12 sites in ETC
for all trout present with multiple-pass electrofishing using backpack electroshockers. The
furthest downstream site was chosen randomly with the remaining sites chosen systematically
every 500 m measured upstream to the end of fish-bearing stream. Electrofishing sites ranged
from 43-75 m in length. Each electrofishing section was closed with block nets to meet the
assumption of a closed population. After each pass, all fish were measured to the nearest mm
(total length) and weighed using a Pesola scale to the nearest gram. Maximume-likelihood
abundance estimates were calculated for each sample section using the MicroFish software
program (Van Deventer and Platts 1989). Abundance estimates were calculated separately for
fish 2100 mm and fish <100 mm (total length, TL) because capture efficiencies are not equal
(Reynolds 1996).

Fish >80 mm were tagged using fluorescent elastomer tags (FET, Northwest Marine
Technology) in different combinations of body location and color to identify the marking site and
allow identification of movement of tagged fish. Fish held at each site in live wells indicated that
mark retention was 100% at all but one site (70%) after 24 h. Literature with the tagging
equipment stated that if the tag was retained for 24 h it would be permanent (Northwest Marine
Technology).

In the fall of 2004, ETC was blocked at the lower end of the study section with a two-way
weir to assess fish movement and to prevent immigration into the study section from below the
weir that could not be sampled due to large beaver dam complexes. The study employed a
randomized block design. The five treatments included the following mature brook trout
combinations: 1) a single mature male, 2) three mature males, 3) a mature male/female pair,
4) a single mature female, and 5) no fish. The experimental unit was an individual hoop net and
the response variable was the number of fish captured in a net over a 24 h period. Five
treatments were grouped together as a set, and two sets (10 nets) represented a block. There
were eight blocks ordered in an upstream fashion to account for unknown variation in capture
due to fish densities, stream size, or other environmental factors that could not be controlled.
Treatments were randomly assigned to nets within a set. The number of brook trout captured
was summed for each net for analysis.

Net capture data were analyzed using a 2-way analysis of variance to test differences in
mean captures by treatment. The two factors used in the model were block and treatment.
Capture data were transformed using In(x +1) to normalize the data. Separate analyses were
run for mature males, mature females, and immature fish. All statistical analysis was conducted
using SAS software (SAS Institute).

Hoop trap nets measuring 38 cm in diameter and 1.8 m long with 1.6 m wings were
placed in stream locations in ETC according to the sampling design. Nets were fixed in the
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stream channel using rebar. Wings were tied up out of the water so they would not block the
entire stream.

Brook trout used as treatments were captured by electrofishing from ETC below the
weir. Mature male and female brook trout were identified by distinguishing morphology
differences between the sexes as well as light massage to feel for mature gonads. Treatment
fish were placed in 460 mm perforated polyvinyl chloride tubes enclosed on both ends with soft,
half-inch mesh netting. Tubes containing fish were placed in the cod end of hoop nets. Extra
treatment fish were held in live wells below the weir. Treatment fish in tubes were replaced with
fish captured in the nets when possible; otherwise, they were replaced with fish from the live
wells. Treatment fish were replaced when signs of morbidity were noticed and overall, fish were
replaced in each net on average every seven days. Sex was positively identified through
dissection after fish were removed as treatments.

Nets were installed on September 15, 2004 and removed on October 20, 2004.
Treatments were placed in the nets on September 16. All nets were checked once daily during
the entire sampling period (35 d). All brook trout were removed from the traps as they were
checked, overdosed with anesthetic, and frozen.

Brook trout were thawed in the lab and measured (nearest mm, TL), weighed
(nearest g), sexed, and checked for tags. Fish were designated as mature male, mature female,
or immature. Males were considered mature if gonads were large and milky white, and
immature if gonads were small and threadlike. Females were considered mature when ovaries
contained large, well-developed eggs, and immature if ovaries were thin and granular with no
developed eggs. Fluorescent elastomer tags were detected using a blue light and amber
glasses to enhance the tags.

In order to compare the relative cost of this project to other brook trout removal projects,
associated time and costs expended were accounted for. Total hours expended, travel
expenses, and equipment costs were calculated to get a rate of person hours/1 km treated and
the number of fish captured per person/hour expended for removal.

RESULTS

Brook trout were the only fish species captured in ETC in 2004. We estimated an
abundance of 2,020 + 410 brook trout 2100 mm and 1,950 + 697 brook trout <100 mm. Of the
estimated 3,970 brook trout present, 1,360 (34%) were captured with hoop nets (777 2100 mm
and 583 <100 mm). We captured 658 sexually mature brook trout with nearly five times more
males (544) than females (114). Nets seeded with the male/female pair caught the most mature
brook trout (235) followed by nets with no fish (166, Table 3). The single male captured the
fewest fish (64). More males than females were captured for all treatments. The differences in
means of In(X+1) transformed counts between mature males and females were significant
because none of the 95% confidence intervals overlapped (Figure 10). Comparing the
difference for males between treatments, nets seeded with a female captured almost double the
number of brook trout, on average, than those seeded with males (Figure 10). Raw means are
included in Figure 10 to illustrate that the male/female pair treatment captured approximately
double the number of males as all other treatments. In the first 20 days of trapping, 86% of the
total number of brook trout were captured (Figure 11). Few fish were captured in the last 15 d,
and total daily catches were below 10 fish/d for the final 10 d.
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Effects of blocks and treatments were significant. The blocking variable was significant
for males, females, and immature brook trout and explained 24%, 24%, and 42%, respectively,
of the variation in the models. Treatments differed in the number of mature male brook trout
(P = 0.0025) and immature fish (P = 0.043) but not mature females (P = 0.29) captured in hoop
nets. A posteriori Tukey’s honestly difference significance tests between treatments for mature
males shows that the male/female pair and single female treatments captured significantly more
fish than the single male, but no other comparisons between treatments were significant for
males. The number of immature brook trout captured did not differ between any of the
treatments.

Only 24 of the 237 brook trout tagged with the FET were recaptured, and movement of
brook trout in ETC was variable but was generally upstream in direction. There did not appear to
be any pattern in distance moved compared to timing of recapture.

Overall, 479 person hours were spent conducting the field project in the fall of 2004. This
translates to 76 person hours/1 km spent removing brook trout.

DISCUSSION

The use of mature brook trout as attractants for their own removal may have promise.
Although only 34% of the estimated population in ETC was removed, the major objective of this
project was to determine if one treatment was responsible for capturing more brook trout than
another, not to maximize removal.

The male/female pair treatment caught the most brook trout overall. This was
unexpected and contrasts with the findings of Young et al. (2003) who captured significantly
more mature brook trout in nets seeded with males. However, no female/male treatment was
used, and their study did not run nets through the entire brook trout spawning period. This may
have affected captures if there were 1) increased attraction by having both sexes together, or
2) changes in the responsiveness of brook trout as the spawning season progressed.

Another unexpected finding was that the treatment net with no seeded fish captured the
second highest number of brook trout. It was envisioned as a “control,” but in reality, it could not
be, because once a fish entered the net it then became a treatment. It represented what would
be captured at random if empty nets were placed in the stream but should not be considered a
true control. The fact that two out of the 16 nets with no seeded fish were responsible for 32% of
the total fish captured for that treatment suggests the no fish treatment may have been the
beneficiary of a net location effect. It is unclear why those two particular nets caught so many
fish, but their positions may have caught fish no matter what the treatment. In one case in block
three, one net caught 45 fish, while another net with the same treatment set approximately 30 m
upstream caught only two.

The amount of variation in capture between nets with the same treatment was
problematic for all treatments. Examining the difference between least square means of mature
males and females between treatments suggests that males may be more attracted to nets with
females or possibly repulsed by nets with males. The nets seeded with females captured
approximately twice as many mature males as those seeded with males (Figure 10). The
average number of male brook trout captured with the male/female pair treatment without
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transformation was 12.3 fish/net. The average number of male brook trout captured with the
single female, none, three males, and single male treatments were 8.0, 7.6, 4.5, and 2.7
fish/net, respectively (Figure 10). The male/female treatment captured more fish/net, on
average, than the other four treatments, even though the statistical analysis did not provide
conclusive evidence to support that conclusion. Because the design of this study was to test the
difference between treatments, nets were set in one position and not moved during the study
period whether or not they captured fish. This is most likely the reason for the variation in catch.
In further projects of this nature, attempts should be made to design a study that reduces the
variation in net captures, such as moving nets if they fail to catch fish for a certain amount of
time.

Hoop netting captured five times more mature male brook trout (544) than mature
females (114). This concurs with Young et al. (2003), who captured ten times more mature
males than females. All male brook trout 2100 mm were mature, and 49% of the females
captured 2100 mm were mature. Therefore, if we assume the sex ratio of the population was
approximately 50:50 (McFadden et al. 1961; Cooper et al. 1962; Wydoski and Cooper 1966),
then we removed 54% of the estimated 1,010 mature male brook trout 2100 mm but only 23%
of the estimated 495 mature females 2100 mm. This suggests that hoop nets did capture a
higher proportion of males than females assuming the 50:50 sex ratio, but probably only twice
as many. Unfortunately, the actual sex ratio is unavailable.

Brook trout in ETC generally were recaptured in the same area they were marked, with a
greater proportion captured upstream of the marking location. The fact that most fish were
recaptured upstream of their marking location was not surprising (Gowan and Fausch 1996,
Adams et al. 2000). What was surprising was how few marked fish were recaptured. Likely, fish
moving downstream were not exposed to capture by the downstream facing nets unless they
moved upstream again at some point, introducing bias (Gowan et al. 1994). This would explain
why 86% of the brook trout in ETC were captured in the first 20 d of sampling; as water
temperatures decreased, brook trout were moving downstream and not vulnerable to capture
(Figure 11).

Considerably less time was spent removing brook trout using hoop nets than
comparable electrofishing studies, ranging from 25% (Thompson and Rahel 1996) to 95% (Kulp
and Moore 2000) less person hours/1 km of stream treated. Granted, only 34% of the brook
trout were removed in ETC, but as was stated before, this study was designed to test
treatments, not maximize removal. It remains undecided if hoop netting can be as or more
efficient at removing brook trout compared to other commonly used techniques.

RECOMMENDATIONS

1. Use an alternate sampling design to test hoop nets seeded with different combinations
of adult brook trout to alleviate problems with location and variation in catches
encountered in this study.
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Figure 10. Mean number of mature male (open bars) and female (solid bars) brook trout
captured in hoop nets seeded with five treatments in East Threemile Creek, Idaho.
The top panel is for the least square (LS) means of In (x+1) transformed counts
calculated from ANOVA. The bottom panel is the raw means without transformation
provided to illustrate the magnitude of difference between treatments. Error bars are
95% confidence intervals.
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Figure 11. Cumulative catch of total brook trout captured in hoop nets (solid line) and mean
daily water temperatures (dotted line) in East Threemile Creek, Idaho.
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Table 3.  The total number of mature brook trout captured in hoop nets for each treatment
tested in each block (two nets) in East Threemile Creek, Idaho.

Block

Treatment 1 2 3 4 5 6 7 8 Total

Male/Female Pair 37 29 65 7 71 13 9 4 235

None 23 19 47 42 10 3 10 12 166

Three Males 31 13 2 31 3 2 14 1 97

Single Male 16 1 16 6 5 9 11 0 64

Single Female NA* 13 27 23 15 10 6 2 96
Total 658

*NA — not available, single female treatment not tested in block 1.
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